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BACKGROWID: The susceptibility of the central and northern California coast to 
impects from an offshore oi) spill pointed to the need to identify «frees that 
would be particularily sensitive to such spilis. To this end the 7s Jevel oped 
a two-phase plan to study the intertidal communitics of central ane nsorther: 
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California Coastel Marine Habitats: O11] Residence and Biclogicsi Sensitivity 
indices." That study provided Gescriptive information (maps, slides, victeo 
tapes, literature review and narrative) of the California coastal intertidal tone 
north of Point Conception. The present study represents the second phase of th 
TIS plan ond includes «a literature review and experimentel ficid studies. 


OBJECTIVES: The study objectives are to describe seasonal ahd successions. 
Variation in rocky intertidal community structure; Getertine the response of 
rocky intertidal communities to natural and human-induced disturbances and 
correlate these responses with successional, seasonal, and latitudinal variation, 
and correlate life history information and O11 toxicity Gata with data from this 
anég other relevant studies. 
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DESCRIPTION: This six-year (1963-1989) study is currentiy im its siath yeer. 
Progress Guring the third year of the study (' October 19685 throwgh 3! Secenber 
1966) is ¢iscussed in this report. Finnetic Laboratories, inc. leads the study 
teas, which includes the University of California, Senta Crug, Moss Landing 
Marine Laboratories, Monterey Bay Aquarium, and TENWERA Corporation. 


Focusing on the area from Pt. Conception north to the California-Oregon border, 
the study utilizes existing literature and a five-year experimental field study 
to address several ecological questions. The Field Survey encompasses six si tes 
along the California coast and two biclogical assemblages at each site: the 
Rrtiivs sssemblege ané the Edociedie/Nestocerpus Pepi lictus esseablege. in cach 
assemblage, experimental treatments include clearing plots in spring '985 and 
in fall 1985. Quantitative sampling was performed at the time of clearing, three 
sonths following each clearing date, and semi-annually thereafter. 


A supplemental study investigating the effects of plot sizse and degree of 
disturbance on recovery patterns of 4 rocky intertidal assesbiage at ove of the 
Field Survey sites is also being performed (Appendix A to the report). - 
separate Technical Summary was prepared for this supplemental study. 


SIGNIFICANT CONCLUSIONS: Matural variation im control plots in both the 
Endoc ladia/'lastocatpus papi llatus and “Nytilus assemblages showed iittie temporal 
variation and demonstrated no latitudinal trends among sites Guring the two years 
of study. Seasonal and yearly changes in the Species Composition and abundance 
of the Mytilus assemblage were generaliy less than those in the 


Endocledie/Nestocerpus pepilietus sssenbiage. 
Recovery rates in the Endoc i adi a/Mastocar pus Papi liatus assemblage varied beterer. 


seasons of clearing and show no relationship with latitude. All of the sprine- 
Cleared plots at one site and one or two of the spring-cleared plots at two sites 
have recovered. The fali-cleared plots recovered completely at only Ome Site. 


None of the spring or fall clearings in the Mytilus assembiege have recovered 
ané similarity of clearings to controis at all sites were low. Recovery rates 
of fall-cleared plots tended to decline with latitude and tay be confounice wv. th 
differences in mussel abundance with latitude. 


Results of the supplemental study indicated that the size of 4 clearing does not 
affect succession if the effects of the edges are removed. Results also showed 
that there are highly significant differences in species composition and recovery 
rate between completely and pertially cleared plots. 


STUDY RESULTS: This report describes progress on tasks performed during the 
report periad, including the Literature Review and Analysis task, tasks 
@ssociated with the Field Survey, and project recommendations. Resulte of the 
Field Survey are presented. 

Results from the first two years of the Field Survey indicated contro! plots in 
the BR a Pepilieatus assemblage heave undergone few significant 
temporal changes and changes that have occurred Gid not show any isti* inal 
trends. 


I~xix 


ROCESS WiPRER )OOS".4 


After ‘8 months, the spring-cleared piets in te Bie oc adie Mastocer pus 
ta tt assesblege campiletely recovered at ome site end pertiaiiy recowered 
one of two of three plots) et two sites. The similarities of cleared plets tc 
control plots continually increased 4t most sites. The fall-clesred plete in 
tre Pepiiistus sesenbiege completely recovered at oniy 
one site efter |i months. Lite the spring Ccleerings, gost of the fall cleerings 
heve contiouslly increased in similarity te the controls. The sisilerity in th 
Shapes of the spring-cleared and fali-clesred recovery curves within 6: tes 
suggests thet site-specific processes say heave «4 greater «ifect on succession 
in this eesemblege then Go tine of Gisturbence or latitude. 


in the Mytiivs essembiege, cone of the Spring clearings ave completely 
recovered, and recovery of 411 sites has beet much slower then the recovery of 
the spring clearings im the mndociaéia/‘iastocarpus papiiiatyus assemblage. The 
Similarity of fall-cleared pilots to Controis in the Mytilus essembiege was very 
bow at ali sites. This Leck of recovery appears to be primarily attridetebdie 
to the lect of @ussel recruitment. Both spring and fail Wiilus recovery curves 
hed Similer shepes within sites, suggesting that site specific processes ‘Seve 
@ greater effect on recovery than does tic” of disturbance. 


Results of the supplemental study examining the effects of different Gegrees of 
Gisturbence and patch site OF Succession in the ®uese, asseMblege at @ SihGile 
site are presented in the Appentis A of the report. Successionai petterns 
Gependea on the severity of disturbance. Patch site Gid net affect species 
abundances when edge effects were renoved. Bége effects varie among alga: 


species. 
STUDY PRODUCT(S): 


fanmetic Laboratories, inc. '988. Study of the rocky intertiga, com@uhitiecs of 
central and nerthern Califoinia, Veer ii, Volume i, fi, tile Prepared if 
association with the University of California, Sante Crug, Moss Lending 
Marine Laboratories, and TEWERA Corporation for the Pacific KS Region, 
Minerals “Nanegement Service, U.S. Dept. of the Interior. Contrect We. 
14-1 2-0001~30037. Gs Study, MMS 39-O0'0. 


This project has resulted in the publicetion of seweral scientific jewrna: 
articles and reports. The citations for these publications are inciu@ed if t% 
References for the Final Report listed above. 


*Principal investigator's affiliation may be different than that iisted for 
Project “Menheger(s). 
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$. To provide critical background data for controlled oiling experiments or 
monitoring programs that may be initiated in the future. 


In order to pursue these objectives, we formulated the following questions « hich 
could be addressed with sreightioreerd sampling and experiment. The questions are: 


2. How long does a disturbed (completely cleared) area take to recover after 
this disturbance? How is recovery time, and pattern of recovery (or lack 
thereof), affected by: 

+ assemblage in which the disturbance took place? 
- she? ; 

- time of year in which disturbance took place? 
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EXPERIMENTAL DESIGN 


FOR EACH ASSEMBLAGE AT EACH SITE 


TEN PLOTS PER ASSEMBLAGE 
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Figure 1-2. Experimental Design of Fickd Survey. 
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Table I-1. Sampling Sche@ule for Each Assemblage and Site. 
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Table 1-2 Summary of Field Activities Performed during Years | and Il of the Ficid 
Survey (Spring 1985 - Fall 1986). 


Activity Dates 
YEAR I 
Martung permanent quadrats 2-7 March 1985 
Spring sampling and clearing 17 March - 24 April 1985 
Photographs and qualstative 
notes on spring-cleared plots 6 May - 7 June 1985 
Sampling of spring<leared 
plots and controls 19 - 24 June 1985 
YEAR Il 
Fall sampling and clearing 13 October - 16 November 1985 
Photographs and qualitative 
notes on fall-<cleared plots 25 November - 17 December 1985 
Sampling of fall-cleared 
plots and comtrols 6-11 January 1986 
Serm-annua! sampling of all 
plots 21 - 26 March 1986 
Photographs and qualitative 
observations 21 - 26 September 1986 
Sem-annual sampling of all 
plots 31 October - 14 November 1986 
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Table 1-3. Taxa Sampled in the Endocladia/Mastocarpus papiliats Assemblage Control : 
Plots Spring 1985 - Fall 1986. | 
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Figure 1.3 Endewladua Mastocarmrs papilienes Assemblage Temporal Abundance Data 
For Comral Plots (Mean of 3 Plots) . 
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Figure 14 0 Emdentadia Masten argues papilienes Assemblage Temporal Abundance Data 
for Comrol Plows (Mean of 3 Plots) - Sea Ranch (8) 
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Figure 1-5 Endocledia/Mastocarpus papillams Assemblage. Temporal Abundance Data 
for Comtrol Plots (Mean of 3 Plots) - Bolinas (C). 
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Figure 16 Endocladia/Mastocarpus papillana Assemblage. Temporal Abundance Data 
for Control Plots (Mean of 3 Plots) - Pescadero Rocks (D). 
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Figure |-7. Endocladia/Mastocarpus papillatus Assemblage: Temporal Abundance Data 
for Control Plots (Mean of 3 Plots) - Pt. Sierra Nevada (E). 
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Figure I-8. Endocladia/Mastocarpus papillatus Assemblage: Temporal Abundance Da'» 
for Control Plots (Mean of 3 Plots) - Diablo Canyon (F). 
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Table I-4. Endocladia/M/atocarpus papillams Assemblage: p Values for Abundant Taxa 
in Control Plots with High Probability of Temporal Variation (p < 0.099, that 
there was no Temporal Difference). 


Temporal Variabie’ 
Site Speces Year’ Yi15 
Kibesillah Sessile: 
Hill 
(A) Endocladia 
muncata 0.02 
Chthamalus sp(p). 0.08 
TOTAL SPECIES 0 0 2 


Sea Ranch Sessile: 
(B) 
Chthamalus sp(p). 0.09 (85) 


(C) 
Fucus distichus 0.01 (F) 0.05 (86) 0.09 
Mastocarpus 
papillatus 0.04 (F) 0.02 (85) 
Petrocelis sp(p) 0.09 (S) 0.04 


| 
i 
8 Table 14 Continued. 
g Temporal Variable 
Ste Speoes Season Year Ys5 
| Pescadero Sessile: 
Rocks 
(D) Cladophora 
| columbuana 0.001 (F) 0.08 
GATGOR 0.08 (85) 7 
| Rhodogiossum 
ae 0.01 (F) 
5 califormansus 0.09 (F) 0.07 (85) 
5 Motile: 
| " pndatatylans 0.08 (S) 
5 TOTAL SPECIES 4 2 2 
Point Sessile 
5 se 
| harvevanuas 0.08 (S)’ 
murkata 0.001 (S) 
. = “ 
5 elandula 0.08 (85) 
Moule: 
t — 
5 scutulata/plena —-_0.0004 (F) 
TOTAL SPECIES 3 l 1 
i 
5 t+2i 
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Table 4 Contunued. 


SUMMARY 
SEASONAL AND YEAR TO YEAR CHANGES VS. LATITUDE 


Number of Taxa with High Probability of Difference in Abundance: 


Snes 
KH SR B PR PSN DC 
(A) (3) (C) DD) ES) 
Season 0 1 3 4 3 2 
Year to Year 0 3 2 2 1 3 


' From ANOVA's in Append E. A blank = p > 099 
* Pall vs. Spring; owmbers are p values 

* 1985 vs. 1986; numbers as in 2. 

* Year-Season interaction; numbers as in 2. 

*(S) Spring > Fall 

*(8S) 1985 > 1986 

" (86) 1986 > 1985 

*(F) Fall > Spring 


Note: Complete ANOVA analyses for all abundant taxa (Sessile: > 10% cover at any site 
at any time; Motile: >15 individuals/m’ at any site at any time) with significant 
probabilities are shown in Appendix E. 
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Table 16 (Continued) 
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Figure 1-9 Mytihu Assemblage: Temporal Abundance Data for Control Plow (Meas 


of 3 Plots) - Kibesiliah Hil (A) 
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Figure 1-1] Mytie Assemblage Temporal Abundance Data for Control Plots (Mean 
of 3 Piews) - Bolinas (C) 
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Figure 2-12 Mytihe Assemblage Tempore! Abundance Dots for Comtrol Plow (Mean 
of } Plows) - Pescedero Rocks (D) 


WTT KS CALIFORN ANUS 


SOSSTLLA PLUwOSA 
COMALL INA VANCOUVERIENS(S 
SPRING OS ~- -CRUSTOSE COMALL INES, UWOENT 
semen es? | BAL ANUS GLANDUL A 
fa. ee ; | ~ ROCK OF BARE ROCK 
wowree ee-  PLOCAMIU VOL ACRUY 
SPR NS OEY | POLICIES POLY WERUS 
rau, 6 POL YS! PHON\s SENDER) 
POL TS/PHOwl as SP(P) POLY SrPwONl A NATHANIEL ||) 


Figure |-13. Myths Assemblage: Temporal Abundance Data for Control Plow (Mean 
of 3} Plots) - Pt. Sierra Newada (BE). 
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Figure 14. Mytihe Amemblage: Temporal Abundance Data for Control Plow (Mean 
of 3 Plots) - Diabio Canyon (F) 


t*3% 


1 
| 
| 


~ Pal 
bem one Bm hah 
Seme fons ih LA, 
CHITONS 
fprag OE OD) 
Sommer 0 =O) 
fea e om OD 
ver *& 6 O® 
oy 66" 58) 
- 6 @a 
CRATER LMPETS 
way Se SS Uw 
Sommer 8 (11) 
Fan “Aa (oe) 
Yer & 8 4») 


033 9) 
fou we” (422) 


Mas 144d) 
me (ihm) 
SP (41%) 
4.25 (33.58) 
ner Ot a) 
24 42 (215.0) 
7 (me 
= «6(4.7) 
sa 6G 
3 (© @®) 
=> ie 
"= ««)» 
7a (O54) 
2.33 (1h. 
“a2 Cp 
se? (17S) 
» >) eee 
ue’ 65D) 


(0. a 
(0.a@®) 
(0 @®) 
(0 
(0.4) 
(0 @®) 


0 
od 
0 
0 ae 
Or 
0 


"Mees sember of mdiideah per ) plow jvelee for each plot based o8 (em of count for 5 quadram) #1 1675 vq ml 


processes in plots spring 

in each (Endocladia/Mastocarpus, Mytilus) at each of the six sites. 
the cleared is assessed relative to the taxonomic composition and 

abundance (substrate percent cover is excluded) of the control using the Bray-Curtis 
imilarity index. The criterion for “complete” recovery is that the mean similarity of each 
of the cleared plots to the control plots falls within the range of similarities of the 
control plots to cach other a: the same time. The mean similarity of each cleared plot 
to control plots represents the mean of three pairwise comparisons [e.g., for fall clearings 
(F) ina snemblage at a particular se, the comparisons would be Fl - Cl, Fi- 
C2, Fi - C3, in which C is a control plot]. The relationship between recovery and 
latitude is examined by comparing various characteristics in the recovery plots along the 

inal site gradient. 


inal 
The Year I report (KLI, 1986) discussed the results of the first sampling of the 
sprice clearings (summer 1985). It was noted that there were two patterns of initial 
colomzation in the Endocladia/Mastocarpus ae assemblage: some sites remained 
nearly bare with little cover [Pr. Sierra ! (E), Bolinas (C)] while the remainder 
had variable amounts of diatoms, other ephemeral algac, and invertebrates. This pattern 
may have been related to differences in exposure to water motion, substratum type, and/or 
There was no suggestion of a latitudinal gradient in very early succession in this 
. The Mytilus asse had three patterns: very low cover of ephemeral 
algae at Bolinas (C), high cover of GATGOR at Kibesillah Hill (A), and high cover of 
diatoms at the remaining sites. Species in control plots (other than mussels) were found 
in the clearings but their abundances were low. Again, there was no suggestion of 
a latitudinal gradient in early recovery. The fall clearings were not done in the period 
covered by the Year I report. 


— the spring clearings were sampled four times (summer and fall 1985, —- and fall 
986) clea 
sampled three times (winter, — 1986) and were 12 months post-clearing at the 


Appendix C, ranked abundances by site and sampling 
1s 


all taxa found are given 
similarity values are in Appendix F. The 


period ane ta Append D. ond euy-Can 


Table 1-8. Mytilus Assembiage: p Values for Abundant Taxa in Control Plots with 
High Probability of Temporal Variation (p < .099, that there ~as no 
Temporal Difference). 


Temporal Variabie’ 
Site Species Season’ ss Year’ Y 15° 
Kibesillah § Sessile: 
Hill 
(A) Chthamalus sp(p).~ 0.09 (S) 
Balanus glandula 0.02 (86) 
Mytilus 
califormanus 0.08 (86) 
Moule 
Chitons 0.08 (S) 0.08 (86) 0.08 
Grazer Limpets 0.04 
Tegula 
funebralis 0.09 (85) 
t inori 


Sea Ranc Sessile: 
(B) 


Pescadero 
Rocks 
(D) 


” 


Table 1-8 Continued. 
Temporal Variable 
Site Species Season Year Y 25 
Point Sessile: 
Sierra 
(E) Corallina 
VaNCOUVENENSIS 0.08 (S)’ 0.08 
Motile: 
Grazer Li 0.003 (F) 0.009 
Nucella 
emarginata 0.02 (F) 
TOTAL SPECIES 3 0 2 
Diablo 
Canyon (F) 


Chthamalus sp(p). 0.06 (F)’ 0.09 (86), = 0.02 


Motile 
Chitons 0.03 
Grazer Limpets 0.0008 (F) 0.01 (86) 


TOTAL SPECIES 2 2 2 


: 


SUMMARY 
SEASONAL AND YEAR TO YEAR CHANGES VS. LATITUDE 


Number of Taxa with High Probability of Difference in Abundance: 


Sites 
KH SR B PR PSN DC 
(A)__(8) (©) __ (D>) (E) 
Season 3 0 7 1 3 2 
Year to Year $ 0 2 4 0 2 


' From ANOVA's in Appendix E. A blank = p > 099 
* Fall vs. Spring; numbers are p values. 

* 1985 vs. 1986; numbers as in 2 

* Year-Season interaction; numbers as in 2. 

* (8S) 1985 > 1986 

*(S) Spring > Fall 


"(F) Fall > Spring 
* (86) 1986 > 1985 


Note: complete analyses for all significant ANOVA's on abundant taxa (Sessile: > 10% 
cover at amy site at amy time; Motile: 15 individuals/m’ at any site at any time) with 
significamt probabilities are shown in Appendix E. 
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Figure 1-15 Endocladsa: 
Mastocurma papiliats Assemblage Temporal Abundance Data 


for 
Spring Cleared Plots (Mean of 3 Plots) - Kibesiliah Hill (A) 
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Figure 1-16 Endociadia 
‘Mastocarfrs papilians Asembiage Temporal Abundance Data 


for 
Spring leared Plots (Mean of 3 Plots) - Sea Ranch (8) 
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Figure 1-17. Endocladia/Mastocarpus papillatus Assemblage: Temporal Abundance Data 
for Spring-Cieared Plots (Mean of 3 Plots) - Bolinas (C). 
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Figure 1-18 Endocladia/Mastocarpus papillams Assemblage: Temporal Abundance Data 
for Spring-Cleared Pilots (Mean of 3 Plots) - Pescadero Rocks (D). 
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Figure 1-19. Endocladia/Mastocarpus papillams Assemblage: Temporal Abundance Data 
for Spring-Cieared Plots (Mean of 3 Plots) - Pt. Sierra Nevada (E). 
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Figure 1-20. Endocladia/Mastocarpus papillams Assemblage: Temporal Abundance Data 
for Spring-Cleared Plots (Mean of 3 Plots) - Diablo Canyon (F). 
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Figure 1-23. Endocladia/Mastocarpus papillatus Assemblage: Bray Curtis Similarity 
between Spring-Cleared and Control Plots through Time - Bolinas (C). 
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Figure 1-24. Endocladia/Mastocarpus papillans Assemblage: Bray Curtis Similarity 
between Spring-Cleared and Control Plots through Time - Pescadero Rocks 
(D). 
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Endocladia/Mastocarpus papillatus Assemblage: Bray Curtis Similarity 
between Spring-Cleired and Control Plots through Time - Pt. Sierra Nevada 
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Endocladic/Mastocarpus papillatus Assemblage: Bray Curtis Similarity 
between Spring-Cleared and Control Plots throug? Time - Diablo Canyon 
(F). 
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Table I-11. T in the Endocladia/Mastocarpus papillats Assemblage 
rea Clened Plots, Winter 1986 > Fall 1986. 
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Table 1-1}. (Continued) 


KH 
(A) 


SR 
(B) 


Ulva sp(p). 
Urospora penicilliformis 
Urospora wormskioldii 
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KH = Kibesillah Hill, SR = Sea Ranch, B = Bolinas, PR = Pescadero Rocks, PSN = Pt. 
Sierra Nevada, DC = Diablo Canyon. (A-F) designate latitudinal order (A = most 
northern, F = most southern site). 
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Figure 1-27. Endocladia/Mastocarpus papillatus Assemblage: Temporal Abundance Data 
for Fall-Cleared Plots (Mean of 3 Plots) - Kibesillah Hill (A). 
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Figure 1-28. Endocladia/Mastocarpus papillatus Assemblage: Temporal Abundance Data 
for Fall-Cleared Plots (Mean of 3 Plots) - Sea Ranch (B) 
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Figure 1-29. Endocladia/Mastocarms papillatus Assemblage: Temporal Abundance Data 
for Fall-Cleared Plots (Mean of 3 Pilots) - Bolinas (C). 
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Figure 1-30. Endocladia/Mastocarpws papillatas Assemblage: Temporal Abundance Data 
for Fall-Cleared Plots (Mean of 3 Plots) - Pescadero Rocks (D). 
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Figure |-3]. Endocladie Mastocarms papillams Assemblage: Temporal Abundance Data 
for Fall\eared Plots (Mean of 3 Plots) - Pt. Sierra Newada (E) 
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Figure |-32. Endocladia/Mastocarpas papillans Assemblage: Temporal Abundance Data 
for Fall-Cieared Plots (Mean of 3 Plots) - Diablo Canyon (F) 
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Figure 1-33. Endocladia/Mastocarms papillams Assemblage. Bray Curts Similarity 
between Fali-Cleared and Control Plots - Kibesillah Hill (A). 
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Figure 1-34. Endocladia/Mastocarma papillams Assemblage: Bray Curtis Similarity 
between Fall-Cleared and Control Plots - Sea Ranch (B) 
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Figure 1-35. Endocladia/Mastocarpus papillatus Assemblage’ Bray Curtis Similarity 
between Fall-Cleared and Control Plots - Bolinas (C). 
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Figure 1-36. Endocladia/Mastocarpus papillatus Assemblage: Bray Curtis Similarity 
between Fall-Cleared and Control Plots - Pescade -o Rocks (D). 
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Figure 1-37. Endocladia/Mastocarpus papillatus Assemblage: Bray Curtis Similarity 
between Fall-Cleared and Control Plots - Pt. Sierra Nevada (E). 
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Figure 1-38. Endocladia/Mastocarpus papillatus Assemblage: Bray Curtis Similarity 
between Fall-Cleared and Control Plots - Diablo Canyon (F). 
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Table 1-13. (Continued) 
SITE: 


- ~ ~ 


Table 1-13. (Continued) 


SITE: 


KH 
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Pachygrapsus 
Pagurus sp(p). 
Pelvetia- Febvetiogsis spp). 
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Petrocelis sp(p). 
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Phaeostrophion irregulare 
Phidiana crassicornis 
Phragmatopoma californica 
Plocamium sp( pp). 
Plocamium \ cum 
Pollicipes polymerus 
Pobplecophora, unide 

a, umecent. 
Polysiphonia sp(p) 
Porphyra lanc 


Red crusts 

Red filaments 
Rhodovlossum affine 
Scytosiphon dotyi 
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Semibalanus cariosus 
Spirorbidae, unident. 
Spongomorpha mertensii 
Strongylocentrotus purpuratus 
Tectura scutum 
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Table I-13. (Continued) 


KH SRB PR PSN DC 


SITE: (A) (8) (© @ (€ 
brunnea x xX 

Tegula funebralis xX X xX XxX X xX 
Terebellidae, unident. x 
Tetraclita rubescens xX X xX 
Tonicella lineata xX xX 
Ulva californica xX X X X 
Ulva lobata xX X xX 
Ulva sp(p). x X 
Urospora doliifera Xx 
Urospora penicilliformis xX x X 
TOTAL TAXA 61 79 $$ 77 63 69 


KH = Kibesillah Hill, SR = Sea Ranch, B = Bolinas, PR = Pescadero Rocks, PSN = Pt. 
Sierra Nevada, DC = Diablo Canyon. (A-F) designate latitudinal order (A = most 
northern, F = most southern site). 
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Figure 1-39. Mytilus Assemblage: Temporal Abundance Data for Spring-Cleared Plots 
(Mean of 3 Plots) - Kibesillah Hill (A). 
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Figure 1-40. Myriius Assemblage: Temporal Abundance Data for Spring-Cleared Plots 
(Mean of 3 Plots) - Sea Ranch (B). 
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Figure I-41. Mytilus Assemblage: Temporal Abundance Data for Spring-Cleared Plots 
(Mean of 3 Plots) - Bolinas (C). 
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Figure I-42. Mytilus Assemblage: Temporal Abundance Data for Spring-Cleared Plots 
(Mean of 3 Plots) - Pescadero Rocks (D). 
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Figure I-43. Myrilus Assemblage: Temporal Abundance Data for Spring-Cleared Plots 
(Mean of 3 Plots) - Pt. Sierra Nevada (E). 
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Figure |-44. Myrilus Assemblage: Temporal Abundance Data for Spring-Cleared Plots 
(Mean of ? Plots) - Diablo Canyon (F). 
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The early taxonomic composition of abundant (cover) ephemeral algae was similar 
See mee Pan cae, tae dn et Oe es a 
common (Figures I-51 - 1-56). However, the abundance of these ephemeral algae was 
generally lower than in the spring clearings, and considerable portions of clearings at all 


months of succession. There were also spring-fall differences in the species composition 
of longer-lived species, the most notable being for Egregia menziesii. This kelp did not 
occur in any of the spring clearings but has become abundant in the fall clearings at all 
southern sites (Figures 1-54 - 1-56). Other potential latitudinal differences in the 
colonization of particular species have not yet been assessed. It will be difficult to assess 
the possible Tp me of such latitudinal or site differences on recovery rate until a longer 
time series of data is available. 


The most abundant motile taxa counted in the plots were limpets and Listorina 
scutulata/plena (Table 1-16). ‘ae abundance of limpets was lower than in the spring- 
cleared for the same clearing age at four of the six sites (fall 1986 in Table I-16 vs. 
- wm Bane in Table I-14), but abundances were very much lower at Sea Ranch (B), 

iah Hill (A), and Point Sierra Nevada (E). As in the spring-cleared plots, Lisorina 
scutulata/plena abundance was especially high at Bolinas (C) and Kibesillah Hill (A), and 
Tegula _— was abundant at Bolinas (C). No latitudinal patterns are apparent in 
these data. 


The similarity of all fall clearings to control plots (Figures 1-57 - 1-62) is still very 
low (10 - 30 percent). 


Summary 


Colonization by mussels has been rare at all sites and has largely occurred from the 
immigration of adults into plots. Very little larval recruitment has been observed on the 
substrate or within the algac. No spring- or fall-cleared plots in the Mytilus -s * 
at any sites have completely recovered, and similarities to controls remain at 10 - 
percent. The similarity of the spring clearings to the controls has generally not increased 
over the last 12 months. Recovery rates in this assemblage have obviously been reduced 
by the lack of significant mussel recruitment. 
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Figure 1-46. 
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Mytilus Assemblage: Bray Curtis Similarity between Spring-Cleared and 
Control Plots - Sea Ranch (B). 
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Figure 1-47. Mytilus Assemblage: Bray Curtis Similarity between Spring-Cleared and 
Control Plots - Bolinas (C). 
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Figure 1-48. Mytilus Assemblage: Bray Curtis Similarity between Spring-Cleared and 
Control Plots - Pescadero Rocks (D). 
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Figure 1-49. Myrilus Assemblage: Bray Curtis Similarity between Spring-Cleared and 
Control Plots - Pt. Sierra Nevada (E). 
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Figure 1-50. Myrilus Assemblage: Bray Curtis Similarity between Spring-Cleared and 
Control Plots - Diablo Canyon (F). 
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Table 1-15. Taxa Sampled in the Mytilus Assemblage Fall-Cleared Plots, Winter 1986 - 


Fall 1986. 


KH 
(A) 


SR 
(B) 


B 
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PR 
(D) 


PSN 
(E) 


DC 
(F) 


C ina vancouveriensis 


Crustose corallines, unident. 
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Table 1-15. (Continued) 


Table 1-15. (Continued) 


KH SR B PR PSN DC 


SITE: (A) 8 © © ® & 
‘omica xX x 
Ulva lobata xX xX xX xX 
Ulva sp(p). x x 
Urospora wormsiaoldi x 
TOTAL TAXA M 40 22 4% 38 43 


KH = Kibesillah Hill, SR = Sea Ranch. B = Bolinas, PR = Pescadero Rocks, PSN = 
Pt. Sierra Nevada, DC = Diablo Canyon. (A-F) cesignate latitudinal order (A = most 
northern, F = most southern site). 
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Figure 1-52. Mytilus Assemblage: Temporal Abundance Data for Fall-Cleared Pilots 
(Mean of 3 Plots) - Sea Ranch (B) 
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Figure 1-53. Mytilus Assembla Temporal Abundance Data for Fall-Cleared Plots 
sy ec px 
(Mean of 3 Plots) - Bolinas (C) 


* 
4 
~ “MR VYSOPwyY "4 a, 4," 
~@OCK OR BARE @OC« 
~ ENTER OVORPH A 


= J Wa 
~“FENDOCLADIA WURICATA 
~§ PORPwy es 


WINTER 86 - 


SPRING 86 - 


~ CLADOPHOR A WR ANA 
Fal @6- -GGREGIA MENZIES 
~ ANAL 'PUS JAPONICUS 
VYTILUS CALIF ORNI ANUS - “CRUSTOSE COMPAL. VES. UNIDEN’ 
BAL ANUS GLADULA- ~ (RIDAEA FLACT IDA 


~ RIDAEA METEROCAR PA 


Figure 1-54. Mytilus Assemblage: Temporal Abundance Data for Fall-Cleared Plots 
(Mean of 3 Plots) - Pescadero Rocks (D) 
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Figure 1-55 Afprilas Assembla Temporal Abundance Data for FallCleared Plots 
“4 ge px 
(Mean of 3 Plots) - Pt. Sierra Newada (E) 
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Figure 1-56. Myrilus Assemblage: Temporal Abundance Data for Fall-Cleared Plots 
(Mean of 3 Plots) - Diablo Canyon (F) 
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Figure 1-57. Mytilus Assemblage: Bray Curtis Similarity between Fall-Cleared and Control 
Plots - Kibesillah Hill (A) 
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Figure 1-58 Mytilus Assemblage: Bray Curtis Similarity between Fall-Cleared and Control 
Plots - Sea Ranch (B) 
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Figure 1-59. Mytilus Assemblage: Bray Curtis Similarity between Fall-Cleared and Control 
Plots - Bolinas (C) 
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Figure 1-40. Mytihu Assemblage: Bray Curtis Similarity between Fall-Cieared and Control 
Plots - Pescadero Rocks (D) 


Mytihss Assemblage: Bray Curtis Similarity between Fall-Cleared and Contr 
Plots - Pt. Sierra Nevada (E) 


Figure 1-62 Myris Assemblage: Bray Curtis Similarity between Fall-Cleared and Control 
Plots - Diablo Canyon (F) 


centers of patches may be independent of patch size within the range considered, and that 
the 25-cm wide buffer zone used in the main study is effective in avoiding edge effects 


The severity of disturbance did affect successional patterns mm the supplemental 
study. In partially dturbed plots, more typical early successional specees were less 
abundam than on completely disturbed plots and mid-successsonal species did not occur 
Partially disturbed plots also showed no effects, and recovery tended to be more 
raped than mm completely cleared plots results suggest that results from «rly 
successional processes im the mar study, where plots were completely cleared, may not he 
applicable to other situa som with only partial clearings. Comparisons of results for later 
successional processes and final recovery will be made as succession continues 


Recovery patterns on the experimental plots im the Mytilus assemblage at Pescadero 
Rocks were for both the supplemental and maim studies Despite the one-ve ar 
difference in clearing dates (fall 1984 for the supplemental study versus fall 1945 for the 
main study), similar successional trends were seen for the common taxa. Al least at this 
site, recovery patterns did not vary from one year to the nest for fall<leared plots 


In the control plots, both the al and maim studies showed an imrease 
im percemt cover of mussels. incre mussel abundance did not occur at amy of the 
other sites in the main st In a highly variable system, these results at Pescadero Rocks 
faciitate the comparison of these two studies. (Statistical comparisons of semilarity were 


Overall, results of the study indicate it may be possible to generalize 
cleared patches of sizes when edge effects are removed but, at least 
, t & probably not possible to generalize among clearings that differ im severity of 
. Recovery patterns do not necessarily differ among areas cleared in the samme 
season during different years 
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Figure 164 Endocladsa Mastocarms papsllams Assemiage 
Variation in Percent Recovery of PallCicared Plots (Mean of 3 Plow) 
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around the picts The supplemental study also showed that there are highh) sugndicant 
Sifierences mm specees compoetion and recowery rate between complete and partially 
Cleared plots during early successiomal processes. it may not be possibile to generalize 
the results from complete Clearungs to Clearmmgs ehere Gaturhance = lew severe 
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PROTECT RECOMMENDATIONS 


COPbyectives 


The otyectwwe of the proyect recommendation # to address msues that are during 
the course of the project wtuch require further study of propect changes, as wel a to 
comsider or develop mutigatimg measures for reduceng the potential empact of offshore 
bydrocarhbon development 


States 


ommendations that were submitted with the Year | report (ALI 1986) have 

n roewed by the MMS. The prumary focus of owr recommendations was to mcrease 

ents of umportam uncontrolled variaties. In total we had five recormmendations 

fin ..< propect (1) assessment of topograptuc relief at each site, (2) characterization of 

upwelling processes at each site, (3) continuation of the supplemental study on effects uf 

size and severity of Gaturbance on recovery, (4) work-up of material from the cleared 
musse! plots and ($) addmonal quaitatve sampling 


Aj| the recormmendations except mummber 4 work-up of material from the cleared 
musse! plots, were approved by the MMS for umplemenmtation A decision regarding 
recommendation 4 has not yet been made, we still feel that a would yeild mformation 
valuable to the study Recommendations | and 3 are currently im progress, 
recommendation 2 el] be completed for the final report pending additonal discussions 
eth MMS stafl, and recommendation $ eas completed im surmmer | 986 


At the present time, we have no additional recommendations for further study of 
changes to the proyect 
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Figure |-A-} Location of study she Pescadero Rocks, Carmel Bay, California (56°94'N, 
wir Ww) 
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Tadic 1-A-]. Patch sizes found in mussel communities of the northeastern Pacific. 


Location’ Patch Size (m” Reference 
mean range (latitude ) 

Washington: Dayton, 1971’ 
Tatoosh Island, 4s OS - 160 (48°24'N) 
Portage Head, 0.05 0033- 009 (48°17'N) 
Shi Shi Reef 27 OS - &1 (48°16'N) 
Washington: Dayton, 1973 
Tatoosh Island 60 03 - 263 (48°24'N) 
Washington. 4 Paine, 1981 
Mukkaw Bay, 0.03 2110” - 168 (48°19'N) 
Shi Shi Beach. 0.03 : - Las (48°16'N) 
West Island, 0.33 7 - 12.87 (48°24'N) 
Strawberry 0.18 " + 3647 (48°24'N) 
California: Sousa, 1984b 
Bodega Head 0.21 O01- 1.13 (38°18°N) 
California: VanBlaricom, 1987 
Pt. Piedras Blancas 0.25 003- 134 (38°40'N) 


Studies are listed according to date published but also reflect a gradient from north to 


south. 


* Calculations made from “ultimate sizes” in Table 2 of Dayton (1971) 


* Means calculated from winter samples in Table 1 and ranges obtained from text and 


Figure 3 in Paine and Levin (1981) 
* Approximate size of one mussel 


Table L-A-2 Design of Patch Size and Severity Experiment. 


No. of 100 cz’ 
Sue of (Quacre 

Pict Size Treatmen: Borger Werte Eat 
150s 150 cm Complete Clearing 10 cm 3 . Comer, } . Border 
100 X 100 cm Commplete Clearing 10 cm 3 . Comer, } . Border 
SX 3 om Compleve Clearing 10 cm 3 . Comer, } . Border 
1X 10 cm Complete Clearing Entire Plot i (Emtirve Plot) 
OX Dom Partial Clearing 10 c= 3 . Comer, 3 . Border 
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Figure |-A-2a.b. General successional patterns found im the centers of a) completely 
disturbed and b) partially disturbed 50 « 50 cm plots. Lines were 
generated with the help of best ft third order polynomials through 
percent cover data points collected only on the months indicated, see 


Figures |-A-4a through |-A-4g and Figures |-A-5a through |-A-5Se for 


List of species that colonized completely cleared and partially cleared plots. 
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Figure 1-A-3. Mean percent cover (+ SD, a= 12), through time of common organisms in control plots. 


PRLSENT Cladeghora ¢olum ana Porphyvea perforata 
Petvena ‘axnguata "Petrocell 
*Chthamalus +p Endocladia mur ata 
Masten arfma pagnliatis 

RARE Ralfua pacifica Indaea flaccida 
Cerermuem californicuwm Pragrrsas 
Coretiina officmale elpomena %p 
Corellia vancomvenenses *Anthopieura elegant sina 
Dratoms, benthic 


to 1. cordate (Foster, 1982) 


Abundance 
rhe 
(<1% 


were devermuned from makitpum percent cover attamed during 
period: abundam (>15%), common (5-15%), present (1.5%), and rare 


' Within each category, organiems are ranked from most to least abundant from to 
botiess and lef to right ™ 


* Denctes animal species (LU mmarted species are algae 
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Figure |-A-4a. Percem cover [+1 SD of replicate plots (n=4), calculated by combining 


subsamples] through tame of total cover mm differem sized plots and m 
Gifferem positions etthin completely cleared plots 


The plot sizes are indicated at the base of cach histogram: | = 1% « 150 
om 2* 1005 100 om, 3} © Wa Wom and i= 104 10 cm Within cach 
plot size, percemt cover in borders and centers & indicated: the region 
extending }0 com from the edge of a plot * considered the border therefore 
10 « 10 cm plots heve no comters 
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Figure LA-4> Percem cover [+1 SD of replicate plow (n=4), calowlated by combining 


suteampies| through time of Live spp) im Gifferemt sized plots and m 
Gfierem postions ethin completely cleared plots 


The p are indicated at the base of cach histogram | = 1% « 1% 
om, 2 * Wan} = 01 Wom and i= 102 DO on Within cock 
plot size, peicem cover im borders and cemers # induated the region 
emending }0 cm from the edge of a plot # comsidered the border therefore 
10 « 30 cm plots heve no comer 
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Figure | A-4c =Percem cover [+1 SD of replicate plots (n=4) calculated by combuning 
subaamples| through time of Porphyee perforata om Silferem sized poms and 
m Gifferem poemons emhun completely cleared pions 


The plot sizes are indicated ot the base of cach histogram | = 10 « 10 
om 2 = 10005 10 om 3} = Wa Wom and 4 = 105 om Wither coh 
ple sie, percem cover m borders and cemers « mdwated the region 
emending }0 om from the edge of a plot # comeadered the border theretore 
10 « 30 cm plots heve no conten 
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Pigwte 1.A-46 Percem cover [+1 SD of replicate plots (m4), calculated by combining 
suteamples| through tame of Egrega menziesa im differem sized plots, and 
wm Giflerem postions ethin completely cleared plots 


The pilot sizes are indicated at the base of cach histogram | = 10 « 190 
om 2 © 1005 100 om} © Ws Wom and 4 = 101 om Within cock 
plot size, percem cover m borders and cemern « mdwated the region 
emending }0 cm from the edge of a plot is comexiered the border therefore 
»O « 10 cm plots heave no comers. 
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Figure 1-A-4e. Percent cover [+1 SD of replicate plots (n=4), calculated by combining 


subsamples] through time of Jndaea flaccida in differem sized plots. and 
in differem positions within completely cleared plots 


The plot sizes are indicated at the base of each histogram: | = 150 « 150 
om, 2 © 1005 100 cm, 3 = Sa SO cm and 4 © 10% 10 cm. Within cach 
plot size, percemt cover mm borders and centers & indicated: the region 
extending 10 cm from the edge of a plot is comsidered the border therefore 
10 « 10 cm plots have no centers 


60 a 
90 + 90 = | . 

2- 160 «100 o@ 
30> > We Wee 
. 7+ (Oe . | | 
|B eonvee , | 
SOF | G-cowree 7 

0 1 Oc 


PERCENT COVER 
— 
oO 
> 


Figure | -A-4f 


Percem cover [+1 SD of replicate plots (n=4), calculated by combining 
subsamples) through time of Bossiella plumosa in different sized plots, and 
in different positions within completely cleared plots 


The plot sizes are indicated at the base of each histogram: | = 150 « 150 
om 2 @ 100% 100 cn, 3 = S04 SO cm and 4 © 10% 10cm. Within each 
plot size, percent cover in borders and centers & indicated: the region 
extending 10 cm from the edge of a plot is considered the border therefore 
10 « 10 cm plots have no centers 
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Figure 1-A-4g Percent cover [+1 SD of replicate plots (n=4), calculated by combining 
subsamples] through time of pink crusts in different sized plots, and in 
differemt positions within completely cleared plots 


The plot sizes are indicated at the base of cach histogram: 1 = 150 « 150 
om, 2 = 100% 100 cm, 3 = 50% SO cm and 4 = 10% 10 cm. Within each 
plot size, percent cover in borders and centers is indicated: the region 
extending 10 cm from the edge of a plot is considered the border therefore 
10 « 10 cm plots have no centers 
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Percem cover [+1 SD of replicate plots (n=4), calculated by combining 


subsamples} through time of total cover im completely versus partial) 
disturbed 50 1 50 cm plots, and differences between positions within each 


plot type 


The plot types are indicated at the base of cach histogram | = partially 
Gisturbed and 2 = completely disturbed Within each plot type. percent 
cover m borders and cemers « wmdwated 
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Figure |-A-Sg Percem cower [+1 SD of replicate plets (n=4) calculated by combuning 


sulmarmpies| through time of Besssella plameona mm complete) versus partialh 
Geturbed 5) 1 SO om plot and differences heteeen postions enthin each 


pilot type 


The plot types are indicated at the base of each histogram | = partially 
Geturbed and 2 = completely disturbed Within each plet type, percent 
cower m borders and cemers « mdwated 
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The plot types are indicated at the base of cach histogram: | = partially 
Geturbed and 2 = completely disturbed Within each plot type, percent 
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this experiment reinforces Sowsa’s (1 ) contusions for guach eines ta 6 anuseel bed 225 
kilometers to the north, where grazers are not eliminated, there is no correlation between 
recruitment and percent cover of conspecifics within one meter of a plot. Sousa (1984b). 
fox on spore dispersal limitations, did suggest that recruitment would be related to 


was stil] short and the surrounding community arownd all plots 
med fairly uniform. More research is necessary on algal spore dispersal patterns 


General Perspectives 


Patch dynamics are important in determining the structure of many communities, but 
the communities differ in the relative importance of their patch attributes. In communities 
dominated by species with rapid vegetative growth (eg. sheet-like sponges: Ayling, 1983. 
subtidal colomal species ~~ 984), whether a patch is isolated of contiguous with 
the commMutwty s mmportant. speces with sagid vequative growth will quickly out- 
compete other species which will only succeed in isolated patches (Kay and Keough. !98!; 

1984; Sousa, 1985, Connell and Kec 1985). Patch edge effects may be caused 
age ir (Dayton, 1971; Gram, 1977), feeding (Young and Chia, 1987) by 
surrounding by changes in water motion (Foster, 1975), differential rodent 
grazing (Rice, 1987), and shading. nutriem, and water levels (Runkle, 1985) 


Runkle (1985) suggests that different rates of disturbance select for differemt growth 
This study indicates that different disturbance severity regimes may also select 


motel or gas game ey When the disturbance regime consists primarily 


of partial disturbances, algae upnght portions regenerating from crustose asts will 
be more common than taster growing solitary species. An analogy can be drawn with the 


versus +~ ree strategies in fire communities under different severity regimes 
1985). 


g 


seeding 
Christensen, 
Experimental clearings are widely used in marine ecology to study life histories, 


demography, competitive imteractions, grazer effects, succession, and the mechanisms 
affecting many other distribution patterns (Foster and Sousa, 1985). Some of the rationale 
@ven for the 

wit 


~~ 


dispersal limitations, to ensure 


iffective removal, or to use a convenient size increasing statistical variability 
L wee have been used to avoid edge effects, but the reason for using a particular 
clearing size © often not given (De Vogelaere, in prep.). Complete clearings are made 
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APPENDIX A-2 
Analysis of variance model to test for effects of disturbance severity, position within plot, 
and replicates nested within severity 
Severity Compicte Partial 
Replicate Plots: Pr P2 PS P4i PS P6 PT PS 
Position: 
Border n=3 3 3 3 3 3 3 3 
Center n=} 3 3 3 3 3 3 3 


Variation df. Estimated Mean Square F Ratio 
A Severity 1 oc + cn’ + bene’ MSAMSBW.A 
c B(A) A 
BW.A Plot within 6 ¢& + cno’ MSBW_.A MSres 
Severity € BA) 
C Position l co + no’ + abno’ MSC/MS(BW.A)C 
e B(A)C ¢ 
AC Severity x 1 eo + no’ + bno’ MSAC/MS(BW.A)C 
Position ¢ B(A)C AC 
(BW.A)C Plot within 6 ¢ + “ c MS(BW_AjC MSres. 
Severity x € A) 
Position 
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Bray-Curtis Percent Similarity (Boesch, 1977; Goodall, 1978a.b; Pielou, 1984) 


The Bray-Curtis percent similarity measure, also known as percent 
Coekanowski's index of similarity, is 0 quanthative sesemilense measure. tb culcuees 


by the expression: 


5 
= min (x, &,) 


i=] 


PS = 200% 


5 
= (a, + &,) 
i=] 

where: 5s = number of species fownd in one or both quadrats 


&, and x, = amount of species i in quadrats | and 2, 
| respectively 
i= 12... 8 species. 

Dominance Function, ¢ (Whittaker, 1965; Washington, 1984) 


This measurement of diversity s based on a quantitative relationship among speces. 
The function ¢ is a measurement of concentration of dominance as expressed by: 


¢= i(y/Ny 
where y is the “importance” of a given species (sumber of individuals, biomass, percent 
cover) and N is the sum of the ‘importance values” for all species in the sample. 


Shannon-Wiener Diversity Measure, H’ (Shannon and Weaver, 1949, Green, 1979) 


This is the Shannon and Weaver measure of the information content per symbol 
of a code which uses 5 er Any 
, we base 
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Evenness, J (Piclou, 1966a, 1966, 1975, Washington, 1984) 
This indes estumates the evenness of abundances among Evenness ranges 


from near zero for samples in which the abundances of species are very 
dissermilar, to one for sarmples in which all species have the same abundance. 


This index was calculated by the expression: 


He 


where H' is Shannon Wiener Diversity, and H'., is the « cwral logarithm of the total 
number of speces present m the sample 
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